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(54) EQUIPMENT MADE OF STAINLESS STEEL AND ITS MANUFACTURING 
METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide equipment 
made of stainless steel, which has excellent 
resistance to electrolytic corrosion generated in a 
relation with a stainless steel material and which is 
^-^manufactured at a low cost. 

-3 SOLUTION: In the equipment made of stainless 
"^■teel which comprises a plurality of stainless steel 
materials 1, 1, etc., joined to each other by joining 
^ * materials 3, 3, etc., a brazing filler metal 
' constituted of an alloy of copper and nickel is used 
as the joining material 3. Thereby, a passive state 
film of nickel is formed, and in addition, the 
potential difference between the brazing filler 
metal 3 and the stainless steel material 1, which is 
the mating member of brazing in various kinds of corrosive solutions, is made small. 
Thus, the durability and reliability of the equipment are improved. 




1 .This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]Two or more stainless steel materials (1) and (1) .. a jointing material (3) and (3) — 
apparatus made from stainless steel which is apparatus made from stainless steel joined by .., 
and is characterized by adopting wax material which consists of an alloy of copper and nickel as 
said jointing material (3). 

[Claim 2]Said apparatus made from stainless steel according to claim 1 using said stainless 
steel material (1) as a heat transfer plate which constitutes plate type heat exchanger. 
[Claim 3]Apparatus made from stainless steel of said claims 1 and 2 making a weight ratio of 
nickel to copper in said wax material (3) into 15 to 35% given in any 1 paragraph. 
[Claim 4]Said apparatus made from stainless steel according to claim 3 characterized by 
specified-weight-ratio-adding a melting-point-lowering element at said wax material (3). 
[Claim 5]two or more stainless steel materials (1) and (1) ~ wax material (3) which consists of 
an alloy of .., copper, and nickel. (3) Carry out polymerization lamination of .., form an 
intermediate assembly (A), and it is lower than the melting point of said stainless steel material 
(1) all over a vacuum furnace (4) for this intermediate assembly (A), It heats to a temperature 
higher than the melting point of said wax material (3), and is said stainless steel material (1 ) and 
(1).. A joined part (1a) of comrades, a manufacturing method of apparatus made from stainless 
steel joining .. (la). 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]The invention in this application relates to apparatus made 
from stainless steel joined by soldering, and a manufacturing method for the same. 
[0002] 

[Description of the Prior Art]For example, generally the apparatus used under 
corrosive high environment is constituted by the corrosion-resistant high stainless 
steel material like the heat transfer plate which constitutes the plate type heat 
exchanger of the absorption type refrigerator in which a hot lithium bromide solution 
contacts. And it is required that the corrosion resistance of the wax material which 



solders the joined part in these apparatus should also be high in the goodness of 
soldering performance, in particular, in the case of wax material, it can set in a 
relation not only with the corrosion resistance of the wax material itself but the 
stainless steel material which is other party metal (namely, configuration member) — 
corrosion, i.e., electric corrosion, poses a problem electrochemically. This electric 
corrosion is produced when potential difference is between a stainless steel material 
and wax material, and corrosion also becomes intense, so that potential difference is 
large. 

[0003]Under the above high corrosive environment, by the copper wax material (BCu) 
currently generally used in soldering of a stainless steel material among a furnace, it 
was easy to produce corrosion and it was supposed from such a situation that it will 
be hard to adopt as wax material. 

[0004]Then, the trial which adopts the nickel wax material (BNi) which shows high 

corrosion resistance to electric corrosion is made. 

[0005] 

[Problem(s) to be Solved by the Invention]However, although the corrosion 
resistance of the nickel wax material (BNi) known until now was high to be sure, since 
nickel itself was expensive, naturally the price of wax material also had the fault of 
becoming high and raising the cost of the product soldered. 

[0006]The best wax material which processed nickel wax material (BNi) and powder, 
Usually, when it uses from the place which is what is provided by powdered voice as 
wax material to which the joined part of a certain kind of apparatus (for example, 
plate type heat exchanger which laminates two or more heat transfer plates) is joined, 
the fault that a set man day starts consists. 

[0007]the corrosion resistance over the electric corrosion which the invention in this 
application was made in view of the above-mentioned point, and is produced in a 
relation with a stainless steel material — it is high and aims at enabling it to provide 
the apparatus made from stainless steel of low cost moreover. 
[0008] 

[Means for Solving the Problem]Two or more stainless steel materials 1 and 1 as a 
means for solving an aforementioned problem in an invention of claim 1 .. the jointing 
materials 3 and 3 — in apparatus made from stainless steel joined by .., wax material 
which consists of an alloy of copper and nickel is adopted as said jointing material 3. 
[0009]By having constituted as mentioned above, it adds to generation of passive 
film by nickel, For example, potential difference between the stainless steel material 
1 and the wax material 3 which are soldering mating members in various corrosion 
solutions, such as a lithium bromide solution, is small, and corrosion resistance 
especially over electric corrosion will improve, and it can be equal to use under high 
corrosive environment enough. 

[0010]And since alloy wax material with cheap copper (Cu) is used, by stopping 



content of nickel (nickel) low, cost of wax material can be made cheap and it 
contributes to reduction of product cost. 

[0011]In [ as / in an invention of claim 2 ] the apparatus made from stainless steel 
according to claim 1, When said stainless steel material 1 is used as a heat transfer 
plate which constitutes plate type heat exchanger, the alloy wax material 3 of copper 
(Cu> and nickel (nickel), two or more heat transfer plates 1 and 1 from a place which 
can be provided as a plate — junction of plate type heat exchanger constituted by 
laminating .. can be ensured [ easily and ]. 

[0012]In [ as / in an invention of claim 3 ] claim 1 and apparatus made from stainless 
steel of two given in any 1 paragraph, When a weight ratio of nickel to copper in said 
wax material 3 is made into 15 to 35%, while being able to suppress small potential 
difference between the stainless steel materials 1 by existence of nickel (nickel) of 
content of 15 to 35%, a weight ratio, Since content of nickel (nickel) to copper (Cu) is 
stopped, it becomes cheap in cost. 

[001 3]If a weight ratio of nickel (nickel) will be 1 5% or less, will become cheap in cost, 
but. While cost will go up although potential difference is hardly produced if cheap 
potential difference with a stainless steel material which comes out becomes large, 
the degree of electric corrosion becomes large and a weight ratio of nickel (nickel) 
exceeds 35%, Since the melting point becomes high, the quantity of an addition of a 
melting-point-lowering element must be increased fairly, and it actually becomes 
difficult to manufacture as wax material. 

[0014]In [ as / in an invention of claim 4 3 the apparatus made from stainless steel 
according to claim 3, when a melting-point-lowering element is 
specified-weight-ratio-added to said wax material 3, the melting point of the wax 
material 3 can be made to descend, it curses conventionally and soldering at 
temperature is attained. 

[0015]two or more stainless steel materials 1 and 1 as a method for solving an 
aforementioned problem in an invention of claim 5 -- the wax material 3 and 3 which 
consists of an alloy of .., copper, and nickel — polymerization lamination of .. being 
carried out, and the intermediate assembly A being formed, and, it being lower than 
the melting point of said stainless steel material 1 all over the vacuum furnace 4, and 
heating this intermediate assembly A to a temperature higher than the melting point 
of said wax material 3 — Said stainless steel materials 1 and 1 .. the joined parts 1a 
and 1a of comrades — he is trying to join .. 

[0016]By having performed it above, two or more stainless steel materials 1 and 1 — 
the wax material 3 and 3 which consists of an alloy of .., copper, and nickel — the 
intermediate assembly A which carries out polymerization lamination of .. all over the 
vacuum furnace 4. heating the wax material 3 and 3 — fusing .. The stainless steel 
materials 1 and 1 .. the joined parts 1a and 1a of comrades — apparatus made from 
stainless steel is obtained by joining .. 



[0017]generation of passive film according to nickel at this time — in addition, 
potential difference between the stainless steel material 1 and the wax material 3 
which are soldering mating members in various corrosion solutions, such as a lithium 
bromide solution, for example being small, and, Corrosion resistance especially over 
electric corrosion will improve, and it can be equal to use under high corrosive 
environment enough. 

[0018]And since the alloy wax material 3 with cheap copper (Cu) is used, by stopping 
content of nickel (nickel) low, cost of wax material can be made cheap and it 
contributes to reduction of product cost. 

[00l9]Since the wax material 3 which consists of an alloy of copper and nickel can be 
provided as a plate, it becomes ideal for carrying out polymerization lamination of the 
wax material 3 which consists of an alloy of two or more stainless steel materials 1, 
copper, and nickel, and forming the intermediate assembly A. 

[0020]two or more clad plate B which joins beforehand the wax material 3 which 
consists of an alloy of the stainless steel material 1, copper, and nickel as a method 
for solving an aforementioned problem in an invention of claim 6, and B .. being 
laminated, and the intermediate assembly A being formed and, it being lower than the 
melting point of said stainless steel material 1 all over the vacuum furnace 4, and 
heating this intermediate assembly A to a temperature higher than the melting point 
of said wax material 3 — Said stainless steel materials 1 and 1 .. the joined parts 1a 
and 1a of comrades — he is trying to join .. 

[0021]By having performed it above, two or more clad plate B which joins beforehand 
the wax material 3 which consists of an alloy of the stainless steel material 1, copper, 
and nickel, and B — the intermediate assembly A which laminates .. all over the 
vacuum furnace 4. heating — the wax material 3 and 3 — fusing .. The stainless steel 
materials 1 and 1 .. the joined parts 1a and 1a of comrades — apparatus made from 
stainless steel is obtained by joining .. Therefore, lamination work with the stainless 
steel material 1 and the wax material 3 becomes unnecessary, and work in a 
formation stage of the intermediate assembly A can be simplified. 
[0022]generation of passive film according to nickel at this time — in addition, 
potential difference between the stainless steel material 1 and the wax material 3 
which are soldering mating members in various corrosion solutions, such as a lithium 
bromide solution, for example being small, and, Corrosion resistance especially over 
electric corrosion will improve, and it can be equal to use under high corrosive 
environment enough. 

[0023]And since the alloy wax material 3 with cheap copper (Cu) is used, by stopping 
content of nickel (nickel) low, cost of the wax material 3 can be made cheap and it 
contributes to reduction of product cost. 

[0024]Since the wax material 3 which consists of an alloy of copper and nickel can be 
provided as a plate, it becomes the best for joining beforehand the wax material 3 



which consists of an alloy of the stainless steel material 1, copper, and nickel, and 
obtaining clad plate B. 

[0025]In [ as / in an invention of claim 7 ] a manufacturing method of claim 5 and apparatus 
made from stainless steel of six given in any 1 paragraph, When said stainless steel material 1 
is used as a heat transfer plate which constitutes plate type heat exchanger, the alloy wax 
material 3 of copper (Cu) and nickel (nickel), two or more heat transfer plates 1 and 1 from a 
place which can be provided as a plate — junction of plate type heat exchanger constituted by 
laminating .. can be ensured [ easily and ]. 

[0026]In [ as / in an invention of claim 8 ] a manufacturing method of claims 5 and 6 and 
apparatus made from stainless steel of seven given in any 1 paragraph, When a weight ratio of 
nickel to copper in said wax material 3 is made into 15 to 35%. Since content of nickel (nickel) 
to copper (Cu) is stopped in a weight ratio while being able to suppress small potential 
difference between the stainless steel material 1 and the wax material 3 by existence of nickel 
(nickel) of content of 15 to 35%, it becomes cheap in cost. 

[0027]If a weight ratio of nickel (nickel) will be 15X or less, will become cheap in cost, but. While 
cost will go up although potential difference is hardly produced if potential difference between 
the stainless steel material 1 and the wax material 3 becomes large, the degree of electric 
corrosion becomes large and a weight ratio of nickel (nickel) exceeds 35%, Since the melting 
point becomes high, the quantity of an addition of a melting-point-lowering element must be 
increased fairly, and it actually becomes difficult to manufacture as wax material. 
[0028]In [ as / in an invention of claim 9 ] a manufacturing method of the apparatus made from 
stainless steel according to claim 8, when a melting-point-lowering element is 
specified-weight-ratio-added to said wax material 3, the melting point of the wax material 3 can 
be made to descend, in the vacuum furnace 4, it curses conventionally, and soldering at 
temperature is attained. 
[0029] 

[Embodiment of the Invention]Hereafter, with reference to an attached drawing, the suitable 
embodiment of the invention in this application is explained in full detail. In the following 
explanation, plate type heat exchanger is adopted as an example of the apparatus made from 
stainless steel. 

[0030]this plate type heat exchanger is shown in drawing 1 -- as — two or more heat transfer 
plates 1 and 1 — carrying out lamination junction of .. These heat transfer plates 1 and 1 .. 
mutual — the fluid channels 2 and 2 .. is formed, and it is constituted, for example, is used in an 
absorption type refrigerator, the above-mentioned heat transfer plates 1 and 1 ~ the joined 
parts 1a and 1a in .. The wax material 3 and 3 on which .. acts as a jointing material .. melting is 
to carry out soldering junction 

[0031]in the plate type heat exchanger of the above-mentioned composition ~ the fluid 
channels 2 and 2 — a corrosive high fluid (for example, lithium bromide solution) circulates .. 
things — since it is — the heat transfer plates 1 and 1 — as .., a corrosion-resistant high 
stainless steel material is used. 



[0032]by the way, the heat transfer plates 1 and 1 which consist of stainless steel materials 
(SUS316L) as it already explained in the paragraph of conventional technology — as the wax 
material 3 used as the jointing material for joining ... Since cheap copper wax material (BCu) 
cannot be used, in this embodiment, Cu-Ni-alloy wax material which contains nickel (nickel) by 
15 to 35X of a weight ratio to copper (Cu) as the wax material 3 is adopted. And some 
melting-point-lowering element is added by the above-mentioned wax material 3 in this 
embodiment. As this melting-point-lowering element, silicon (Si) boron (B) Lynn (P) etc. are 
adopted, for example. 

[0033]Generally, the reaction of the direction in which a metallic material oxidizes chemically in 
natural environment (if. it puts in another way corrosion) occurs on the surface. Therefore, 
increasing the corrosion resistance of a metallic material means delaying the above-mentioned 
corrosion reaction. 

[0034]However, this corrosion resistance tends to receive environmental influence, and the 
situation of corrosion changes with environment a lot. If an environmental oxidizing quality 
becomes high, metaled corrosion will take place easily, but if oxidation advances to some extent, 
the corrosion of metal of a certain kind, such as chromium (Cr), will not advance any more. The 
corrosion resistance of the stainless steel material (namely, heat transfer plate 1) which 
constitutes the apparatus made from stainless steel (namely, plate type heat exchanger) this 
[ whose ] is metaled passivation, and which is applied to this embodiment is acquired by the 
above-mentioned passive film. Corrosion resistance will be lost, if this passive film will be 
destroyed and it will be in an active state. 

[0035]Therefore, in order to hold corrosion resistance, the stable environment which can 
maintain the above-mentioned passive film is required, and corrosion advances easily under the 
environment where halogen ion, such as a high temperature state, a bromine ion (Br~), etc. in 
which passive film becomes unstable easily, exists. 

[0036]By the way, when it is an absorption type refrigerator in which the above-mentioned plate 
type heat exchanger is used, lithium (Li) of the chemical nature of the lithium bromide (LiBr) 
which is a lean solution is alkali fellows, but bromine (Br) is a halogen family and generates 
halogen ion (Br"). And the temperature of the lean solution which flows through plate type heat 
exchanger is provided with the conditions that it is as high as about 180 degrees, and 
corrosiveness is high. 

[0037]However, in the case of a stainless steel material like SUS316L (Cr:18 % of the weight, 
nickel:12 % of the weight, MO:2.5 % of the weight, C: small quantity) which is the material of the 
heat transfer plate 1, by the compound addition effect of Cr-nickel. It has dramatically stable 
passive film and the corrosion resistance stable except for the cases of being special, such as 
fatigue corrosion by immanency of a stress strain and an erosion corrosion by contact with the 
fluid beyond predetermined viscosity and the predetermined rate of flow, is shown. 
[0038]On the other hand, if the above-mentioned wax material 3 is to contact the stainless 
steel material which constitutes the heat transfer plate 1 in hot lithium bromide solution which 
was described above and the potential difference more than predetermined produces it between 



the heat transfer plate 1 and the wax material 3. The metal ion by the side of the wax material 
3 begins to melt, and corrosion comes to advance gradually. 

[0039]By the way, since the weight ratio of nickel (nickel) to copper (Cu) in said wax material 3 
is made into 15 to 35% as mentioned above. The potential difference between the heat transfer 
plates 1 which consist a weight ratio of stainless steel materials by existence of nickel (nickel) 
of the content of 15 to 35% can be suppressed small, especially the corrosion resistance over 
electric corrosion is to improve. 

[0040]And since the content of nickel (nickel) to copper (Cu) is stopped to 35 or less % of the 
weight, it becomes cheap in cost. 

[0041]If the weight ratio of nickel (nickel) will be 15% or less, will become cheap in cost, but. 
While cost will go up although potential difference is hardly produced if the potential difference 
between stainless steel materials becomes large, the degree of electric corrosion becomes 
large and the weight ratio of nickel (nickel) exceeds 35%, Since the melting point becomes high, 
the quantity of the addition of a melting-point-lowering element must be increased fairly, and it 
actually becomes difficult to manufacture as wax material. 

[0042]Since the melting-point-lowering element is specified-weight-ratio-added by this wax 
material 3, the melting point of the wax material 3 can be made to descend, to it, it curses 
conventionally and soldering at temperature is attained at it. 

[0043]Next, the example of the manufacturing method of the plate type heat exchanger of the 
above-mentioned composition is described with reference to drawing 2 thru/or drawing 4 . 
[0044](Example 1) First, prepare plate 1for heat transfer plates ' made from a stainless steel 
material, and plate 3' for wax material made from Cu-Ni alloy ( drawing 2 (**) graphic display), 
and like the drawing 2 ( **) graphic display, While carrying out draw forming of plate V for heat 
transfer plates to the shape of the heat transfer plate 1 and forming Plastic solid 1" for heat 
transfer plates, As draw forming of plate 3' for wax material is carried out to the heat transfer 
plate 1 and the shape of isomorphism, Plastic solid 3" for wax material is formed and it is shown 
in drawing 2 (**), ****** and a trim process are performed to said Plastic solid Ifor heat 
transfer plates ", and Plastic solid 3" for wax material, and the heat transfer plate 1 and the wax 
material 3 are obtained, then, it is shown in drawing 2 (**) — as — the heat transfer plates 1 
and 1 .. the wax material 3 and 3 — polymerization lamination of .. is carried out and the 
intermediate assembly A is assembled. The section structure of this intermediate assembly A is 
as being shown in drawing 3 . Said intermediate assembly A is put in in the vacuum furnace 4. as 
shown in drawing 2 ( ♦*), and it is the heat transfer plate 1 (if it puts in another way), it being 
lower than the melting point of a stainless steel material, heating at a temperature higher than 
the melting point of the wax material 3, and carrying out melting of the wax material 3 — The 
heat transfer plates 1 and 1 .. comrades — the joined parts la and la — it joins in .. the 
numerals 5 are setting fixtures, if it does in this way, two or more heat transfer plates 1 and 1 
— the wax material 3 and 3 which consists of an alloy of .., copper, and nickel — the 
intermediate assembly A which carries out polymerization lamination of .. all over the vacuum 
furnace 4. heating ~ the wax material 3 and 3 — fusing .. The heat transfer plates 1 and 1 .. the 



joined parts la and la of comrades — the plate type heat exchanger shown in drawing 1 is 
obtained by joining .. since [ in this case, ] the wax material 3 which consists of an alloy of 
copper and nickel can be provided as a plate — two or more heat transfer plates 1 and 1 — it 
becomes ideal for carrying out polymerization lamination of the wax material 3 which consists of 
an alloy of .., copper, and nickel, and forming the intermediate assembly A. 
[0045](Example 2) In this case, as shown in drawing 4 (b), clad plate material B' which joins 
beforehand plate 3' for wax material which consists of an alloy of plate t' for heat transfer 
plates, copper, and nickel made from a stainless steel material is prepared. The section 
structure of this clad plate material B' is as being shown in drawing 5 . And as are shown in 
drawing 4 (♦*), and draw forming of this clad plate material B' is carried out to the shape of the 
heat transfer plate 1, Plastic solid B~ for heat transfer plates with wax material is formed and 
it is shown in drawing 4 (*»). ****** and a trim process are performed to said Plastic solid B" 
for heat transfer plates with wax material, and heat transfer plate with wax material (namely, 
clad plate) B is obtained, then, it is shown in the drawing 4 (*♦) — as — heat transfer plate with 
wax material (clad plate) B, and B .. is laminated and the intermediate assembly A is assembled. 
The section structure of this intermediate assembly A is as being shown in drawing 3 like the 
case of Example 1. Said intermediate assembly A is put in in the vacuum furnace 4, as shown in 
drawing 4 (**), and it is the heat transfer plate 1 (if it puts in another way), it being lower than 
the melting point of a stainless steel material, heating at a temperature higher than the melting 
point of the wax material 3, and carrying out melting of the wax material 3 — The heat transfer 
plates 1 and 1 .. comrades — the joined parts la and 1a — it joins in .. 
[0046]If it does in this way, two or more heat transfer plate with wax material (clad plate) B 
which joined beforehand plate 3' for wax material which consists of an alloy of plate 1' for heat 
transfer plates, copper, and nickel, and B — the intermediate assembly A which laminates .. all 
over the vacuum furnace 4. heating and fusing the wax material 3 — The heat transfer plates 1 
and 1 .. the joined parts la and 1a of comrades — the plate type heat exchanger shown in 
drawing 1 is obtained by joining .. Therefore, lamination work with plate T for heat transfer 
plates and plate 3' for wax material becomes unnecessary, and work in the formation stage of 
the intermediate assembly A can be simplified. Since the wax material 3 which consists of an 
alloy of copper and nickel can be provided as a plate, it becomes the best for joining beforehand 
the wax material which consists of an alloy of two or more stainless steel materials, copper, and 
nickel, and obtaining clad plate B. 
[0047]( Example of examination) 

(1) It faced judging the corrosion resistance over the electric corrosion of Cu-Ni-alloy wax 
material currently used for the above-mentioned composition plate type heat exchanger now 
[ of potential difference / measurement ], and examined using the test equipment 
(potentiometry device) 1 1 as first shown in drawing 6 . 

[0048]The test piece 12 of the electrode structure which consists of a stainless steel material 
(SUS316L) which is a component of the above-mentioned heat transfer plate 1 first in this 
examination, Five kinds of test pieces 13a-13e of electrode structure which changed the 



content of nickel (nickel) in the above-mentioned wax material with 13 % of the weight, 17 % of 
the weight, 20 % of the weight, 23 % of the weight, and 30 % of the weight, A total of seven test 
piece [ of the electrode structure by the nickel wax material (BNi) currently used conventionally 
/ 13f ] test pieces 13 (in a figure) it is accepted numerals 13, comes out and represents — 
having made — it creates, respectively, and installs via the sealing members 15 and 16 in the 
each pressure vessel 14. and the leads 17 and 18 are derived outside. On the other hand, as for 
said pressure vessel 14, the building envelope 14a is a predetermined high pressure state, and 
the electric heater 19 for heating is wound by the periphery. And specified quantity enclosure of 
the lithium bromide solution 20 (concentration:* [ 63 ], temperature: 180 **) which is a lean 
solution supplied to plate type heat exchanger from the generator of said absorption type 
refrigerator is carried out in said pressure vessel building envelope 1 4a. The temperature of this 
lithium bromide solution 20 is maintained by regularity (namely, 180 **) with heating of said 
electric heater 19. 

[0049]Extend in a sliding direction and the liquid transition piece 23 which introduces the 
lithium bromide solution 20 with internal pressure via the liquid communicating tube 21 in which 
the lower end side opening was inserted into said lithium bromide solution 20 in the reference 
electrode insertion cylinder 22 by the side of the external upper part is formed in said pressure 
vessel 14, Into said reference electrode insertion cylinder 22, insertion installation of the 
reference electrode 24 which consists of silver/silver chloride (Ag/AgCI) is carried out. The 
reference potential is impressed to this reference electrode 24 from the potentiometer 26 via 
the external lead wire 25. 

[0050]And this reference potential 24 and said test piece 12, Then, it always fixes, and while 
placing, it is connected to the potentiometer 26 via the external lead wire 18, exchanging said 
test piece 13 (13a-13f) one by one, and the potential difference between said test pieces 12 is 
measured. And said test pieces 13a-13f, It is immersed for 30 days into said lithium bromide 
solution 20 in order, respectively, Except for (Saturday) and (Sunday), measurement record of 
the change of the potential difference between the test pieces 12 of the electrode structure 
which was formed with said stainless steel material (SUS316L), respectively in addition to each 
rest potential, and potential difference was carried out per dBy. Those results are shown in the 
table of drawing 7 and drawing 8 . and the graph of drawing 9 . 

[0051]when these measurement results are seen, change of potential difference and potential 
difference does not almost have nickel (nickel) content as mentioned above at the thing of 15 to 
30% of a weight ratio — the conventional nickel wax material (BNi) ~ abbreviated — what the 
corrosion by electric corrosion becomes small similarly (that is, corrosion resistance becomes 
high) is understood. 

[0052]In this case, although not examined about 35 S of the weight of content ratios of nickel 
(nickel), It sees from the characteristic of nickel (nickel) itself, and the tendency of the 
above-mentioned potentiometry data, it is usable as wax material enough by adoption of 
effective melting-point-lowering elements, such as tin (Sn), manganese (Mn), etc. which it is 
naturally predicted that the potential difference dissolution effect becomes high according to 



increase of nickel (nickel) content, for example, are mentioned later. 

[0053](2) When the copper wax material (BCu) and nickel wax material (BNi) which were used 
conventionally are used in the corrosion test of ********** in carrying out soldering junction of 
the stainless steel materials (SUS316L), When three kinds of wax material of Cu-Ni-alloy wax 
material (Ni content: 20 X of the weight) used in this embodiment were used and the amount of 
erosion after a corrosion test was measured, the result shown in the table of drawing 10 w as 
obtained. 

[0054]When it was Cu-Ni-alloy wax material whose nickel content is 20 X of the weight 
according to this, the amount of erosion was 0.0 mm completely like the case where it is the 
expensive conventional nickel wax material (BNi). 

[0055]From this, the corrosion-resistant height of Cu-Ni-alloy wax material currently used in 
this embodiment is proved clearly. 

[0056]And if the result of the above-mentioned potentiometry is taken into consideration from 
above sufficient corrosion resistance being shown when the content of nickel is 20 % of the 
weight, It is predicted that the range up to 15 % of the weight a little lower than it is also 
sufficiently effective, and when it is 20 % of the weight or more, of course, it is clear that 
corrosion resistance becomes high more. 

[0057]As mentioned above, according to the wax material currently used in this embodiment, 
most relative potential difference which makes the electrochemical corrosion reaction between 
wax material and a stainless steel material, i.e., electric corrosion, cause can be brought close 
to zero potential. 

[0058]Therefore. the corrosion by the electric corrosion under the high corrosive environment 
which could not be solved conventionally can be prevented now as much as possible effectively. 
[0059]Also in the joined part of a heat transfer plate, since passive film is formed by addition of 
nickel (nickel), it becomes difficult to produce the independent corrosion between solutions. 
[0060]And compared with the conventional nickel wax material (BNi), Cu-Ni-alloy wax material 
used in this embodiment can make quantity of expensive nickel (nickel) fairly few, and can fully 
reduce the cost of wax material. 

[0061]In order to improve corrosion resistance to Cu-Ni-alloy wax material currently used in 
the above-mentioned embodiment further, it is also effective to carry out certain quantity 
addition of chromium (Cr) and the iron (Fe), for example. If it does in this way, passive film 
stable on the surface of wax material will come to be formed, and a passivation facilitatory 
effect will improve by the compound addition effect with nickel (nickel) further. As a result, 
total corrosion resistance including electric corrosion improves still more effectively. 
[0062]As a melting-point-lowering element added to Cu-Ni-alloy wax material currently used in 
the above-mentioned embodiment, For example, it is also possible to change to silicon (Si) 
boron (B) Lynn (P) etc., and to adopt a small amount of silicon (Si), tin (Sn) of the specified 
quantity, or manganese (Mn), and it is effective. 

[0063]In the above-mentioned embodiment, as for the invention in this application, although 
plate type heat exchanger was explained as an example, it is needless to say for it to be able to 



apply to the general apparatus made from stainless steel by which soldering junction is carried 

out using a stainless steel material. 

[0064] 

[Effect of the Invention]according to the invention of claim 1 -- Two or more stainless steel 
materials 1 and 1 .. the jointing materials 3 and 3 — in the apparatus made from stainless steel 
joined by .., As said jointing material 3, the wax material which consists of an alloy of copper and 
nickel is adopted, generation of the passive film by nickel — in addition, since it was made for 
the potential difference between the stainless steel material 1 and the wax material 3 which are 
soldering mating members in various corrosion solutions, such as a lithium bromide solution, for 
example to become small, The corrosion resistance especially over electric corrosion will 
improve, and it is effective in becoming what can be epual to the use under high corrosive 
environment enough. 

[0065]And since alloy wax material with cheap copper (Cu) is used, by stopping the content of 
nickel (nickel) low, cost of wax material can be made cheap and it is effective in contributing to 
reduction of product cost. 

[0066]In [ as / in the invention of claim 2 ] the apparatus made from stainless steel according 
to claim 1, When said stainless steel material 1 is used as the heat transfer plate which 
constitutes plate type heat exchanger, the alloy wax material 3 of copper (Cu) and nickel 
(nickel), two or more heat transfer plates 1 and 1 from the place which can be provided as a 
plate — junction of the plate typo heat exchanger constituted by laminating .. can be ensured 
[ easily and ]. 

[0067]In [ as / in the invention of claim 3 ] claim 1 and the apparatus made from stainless steel 
of two given in any 1 paragraph. When the weight ratio of nickel to copper in said wax material 
3 is made into 15 to 35V while being able to suppress small the potential difference between the 
stainless steel materials 1 by existence of nickel (nickel) of the content of 15 to 35%, a weight 
ratio. Since the content of nickel (nickel) to copper (Cu) is stopped, it becomes cheap in cost. 
[0068]If the weight ratio of nickel (nickel) will be 15% or less, will become cheap in cost, but. 
While cost will go up although potential difference is hardly produced if the cheap potential 
difference with a stainless steel material which comes out becomes large, the degree of electric 
corrosion becomes large and the weight ratio of nickel (nickel) exceeds 35%, Since the melting 
point becomes high, the quantity of the addition of a melting-point-lowering element must be 
increased fairly, and it actually becomes difficult to manufacture as wax material. 
[0069]ln [ as / in the invention of claim 4 ] the apparatus made from stainless steel according 
to claim 3. when a melting-point-lowering element is specified-weight-ratio-added to said wax 
material 3, the melting point of the wax material 3 can be made to descend, it curses 
conventionally and soldering at temperature is attained. 

[0070]according to the invention of claim 5 — two or more stainless steel materials 1 and 1 — 
the wax material 3 and 3 which consists of an alloy of ... copper, and nickel — polymerization 
lamination of .. being carried out, and the intermediate assembly A being formed, and, All over 
the vacuum furnace 4 for this intermediate assembly A, it is lower than the melting point of said 



stainless steel material 1, heating to a temperature higher than the melting point of said wax 
material 3 — Said stainless steel materials 1 and 1 .. the joined parts la and la of comrades, 
since the apparatus made from stainless steel was obtained by joining ... generation of the 
passive film by nickel — in addition, the potential difference between the stainless steel 
material 1 and the wax material 3 which are soldering mating members in various corrosion 
solutions, such as a lithium bromide solution, for example being small, and, The corrosion 
resistance especially over electric corrosion will improve, and it is effective in the apparatus 
made from stainless steel excellent in the reliability and endurance which can be equal to the 
use under high corrosive environment enough being obtained. 

[0071]And since the alloy wax material 3 with cheap copper (Cu) is used, by stopping the 
content of nickel (nickel) low, cost of wax material can be made cheap and it is effective in 
contributing to reduction of product cost. 

[0072]Since the wax material 3 which consists of an alloy of copper and nickel can be provided 
as a plate, it is effective in becoming ideal for carrying out polymerization lamination of the wax 
material 3 which consists of an alloy of two or more stainless steel materials 1, copper, and 
nickel, and forming the intermediate assembly A. 

[0073]two or more clad plate B which joins beforehand the wax material 3 which consists of an 
alloy of the stainless steel material 1, copper, and nickel according to the invention of claim 6, 
and B .. being laminated, and the intermediate assembly A being formed and, All over the vacuum 
furnace 4 for this intermediate assembly A, it is lower than the melting point of said stainless 
steel material 1, heating to a temperature higher than the melting point of said wax material 3 — 
Said stainless steel materials t and I .. the joined parts la and ta of comrades, since the 
apparatus made from stainless steel was obtained by joining .., generation of the passive film by 
nickel — in addition, the potential difference between the stainless steel material 1 and the wax 
material 3 which are soldering mating members in various corrosion solutions, such as a lithium 
bromide solution, for example being small, and, The corrosion resistance especially over electric 
corrosion will improve, and it is effective in the apparatus made from stainless steel excellent in 
the reliability and endurance which can be equal to the use under high corrosive environment 
enough being obtained. 

[0074]And lamination work with the stainless steel material 1 and the wax material 3 becomes 
unnecessary, and it is effective in the ability to simplify work in the formation stage of the 
intermediate assembly A. 

[0075]Since the alloy wax material 3 with cheap copper (Cu) is used, by stopping the content of 
nickel (nickel) low, cost of the wax material 3 can be made cheap and it is effective in 
contributing to reduction of product cost. 

[0076]Since the wax material 3 which consists of an alloy of copper and nickel can be provided 
as a plate, it is effective in becoming the best for joining beforehand the wax material 3 which 
consists of an alloy of the stainless steel material 1, copper, and nickel, and obtaining clad plate 
B. 

[0077]In [ as / in the invention of claim 7 ] the manufacturing method of claim 5 and the 



apparatus made from stainless steel of six given in any 1 paragraph. When said stainless steel 
material 1 is used as the heat transfer plate which constitutes plate type heat exchanger, the 
alloy wax material 3 of copper (Cu) and nickel (nickel), two or more heat transfer plates 1 and 1 
from the place which can be provided as a plate — junction of the plate type heat exchanger 
constituted by laminating .. can be ensured [ easily and ]. 

[0078]ln [ as / in the invention of claim 8 ] the manufacturing method of claims 5 and 6 and the 
apparatus made from stainless steel of seven given in any 1 paragraph, When the weight ratio of 
nickel to copper in said wax material 3 is made into 15 to 35V Since the content of nickel 
(nickel) to copper (Cu) is stopped in the weight ratio while being able to suppress small the 
potential difference between the stainless steel material 1 and the wax material 3 by existence 
of nickel (nickel) of the content of 15 to 35%, it becomes cheap in cost. 

t0079]If the weight ratio of nickel (nickel) will be 15% or less, will become cheap in cost, but. 
While cost will go up although potential difference is hardly produced if the potential difference 
between the stainless steel material 1 and the wax material 3 becomes large, the degree of 
electric corrosion becomes large and the weight ratio of nickel (nickel) exceeds 35%, Since the 
melting point becomes high, the quantity of the addition of a melting-point-lowering element 
must be increased fairly, and it actually becomes difficult to manufacture as wax material. 
[0080]In [ as / in the invention of claim 9 ] the manufacturing method of the apparatus made 
from stainless steel according to claim 8, when a melting-point-lowering element is 
specified-weight-ratio-added to said wax material 3, the melting point of the wax material 3 oan 
be made to descend, in the vacuum furnace 4, it curses conventionally, and soldering at 
temperature is attained. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1]I t is a sectional view of the plate type heat exchanger which is apparatus 
made from stainless steel concerning the embodiment of the invention in this 
application. 

[Drawing 2]I t is an explanatory view showing Example 1 of the manufacturing method 

of the plate type heat exchanger which is apparatus made from stainless steel 

concerning the embodiment of the invention in this application. 

[Drawing 3] It is a sectional view of the intermediate assembly in Example 1 of the 

manufacturing method of the plate type heat exchanger which is apparatus made 

from stainless steel concerning the embodiment of the invention in this application. 

[Drawing 4]I t is an explanatory view showing Example 2 of the manufacturing method 

of the plate type heat exchanger which is apparatus made from stainless steel 

concerning the embodiment of the invention in this application. 

[Drawing 5] It is a sectional view of the clad plate in Example 2 of the manufacturing 

method of the plate type heat exchanger which is apparatus made from stainless 



steel concerning the embodiment of the invention in this application. 
[Drawing 6]I t is a figure showing change of the potential difference between the wax 
material and stainless steel material which are used for the stainless steel apparatus 
(plate type heat exchanger) concerning the embodiment of the invention in this 
application, i.e., the composition of the experimental device which measures 
corrosion resistance. 

[Drawing 7] lt is a table showing the data of the change for every sample offering 
sample used for measurement in the experimental device which measures corrosion 
resistance of the potential difference between the wax material and stainless steel 
material which are used for the stainless steel apparatus (plate type heat exchanger) 
concerning the embodiment of the invention in this application, i.e., measurement 
potential, (rest potential). 

[Drawing 8]I t is a table showing the change data of change of the potential difference 
between the wax material and stainless steel material which are used for the 
stainless steel apparatus (plate type heat exchanger) concerning the embodiment of 
the invention in this application, i.e., potential difference with the stainless steel 
material for every sample offering sample used for measurement in the experimental 
device which measures corrosion resistance. 

[Drawing 9]I t is a graph which shows the change data of change of the potential 
difference between the wax material and stainless steel material which are used for 
the stainless steel apparatus (plate type heat exchanger) concerning the embodiment 
of the invention in this application, i.e., potential difference with the stainless steel 
material for every sample offering sample used for measurement in the experimental 
device which measures corrosion resistance. 

[Drawing 10]l t is a table showing the result of the corrosion test of the wax material 
currently used for the stainless steel apparatus (plate type heat exchanger) 
concerning the embodiment of the invention in this application. 
[Description of Notations] 

As for a vacuum furnace and A, in wax material and 4, an intermediate assembly and 
B are [ 1 / a stainless steel material (heat transfer plate) and 1a / a joined part and 
3 ] clad plates. 
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1, 1 • ■ ICi3lt5SS^«l a, 1 a • • tt, j*£#fc 

LT^ffl-raa?»3, 3 • •ommiz&'ozomm 
[00311 -hsa«fifc©7V- h58»s«#ij:*i^-c 

14, j5lftiIS§2, 2 • • «r*£tt©«V>*# <«*.«, 

&7V-r- 1, l • • turn, ihftttw^v^T^u 

[0 0 3 2] fcrfcT, «*«*©fli::*j^TRtRW 
Ufci 5K, ^fy^HM (sus 3 1 6 D 

sfii^u-M, i • - ****-afc*©*##t« 

aa5*<f3£LTt4, *«*«I4 5«- (BCu) 

5«3 i L-C, ft (Cu) i^LTSSitl 5-3 5% 
-t*sy*7W (Ni) Cu-N i^55W 

SUB£ivtn5. -tut, *HJ£tfMK*5^-ci4, ± 

5. ttH/SftTSJU&L-Cfi, «*.«, •jr-f* (S 
i) , (B) , !)v (P) 4tf*J«UB4*i6. 



[0033] mwi±, e«s«*fc*s^r{k 

■CfirS. lot, 4E*»<sKoH*1t*«|+tv^5ri: 
14, ±f2MA£J&&;gb*a 

[oo3 4] L2»u wC0if^ttf4, mtv>&m*%.rt 

(co *ifo*5««5A*B. iwk^fcsaa 

(bp*>, -ju-^m&m *fv 
vxmm (hp*>» fefiT-u-M) «»*ttf4, ±rd^ 

[0 0 3 5] (jot, m*&&&m-&ictt. ±gH^# 

(Br") ttifro^nyw^^frfci-aJiaET-CH: 
S£;JSji?TL&<fta. 

[0 0 3 6] fcrit. ±B^u*-h*KKlMl!»J«ffl 

A (L i Br) ©fc*ttttfttt, 'J^^-A (L i) (4T 

^*y*-e*>*a«. Hid (Br) utwfi/mxhi) , 
^p^Wty (Br") tr4jiW6. L*»t, 
h*J»SSj*»Sr«3x5»<Sl«©aa£tt, 18 0° 

[0 0 3 7] L*»L, g^l'-HOttWWSU 
S 3 1 6 L (C r : 1 8 fi:£%, N i : 1 2fiJt%, M 
O: 2. 5fia%, C:'>4) ro±)ft^yi/7|W 
Cr-Ni rott^fe&PamJCt 19 , #»fC»ffi 

-To 

[0 0 3 8] ±135 5^3 14, ±BLfcJ:54i* 

[oo3 9] tra-r, BU^Lfc45^, Miaa5«-3 
icjaitaft (Cu) ir3tta-->^ (Ni) rofiftjt 

Sri 5-3 5%t LT^5fc», filJtSrl 5-3 5% 
<0$#i$<D~y'tr/V (N i ) COfrfttCi^^TVU^iH 

asrsu-rartt&oTv^ao 

[0 0 4 0] U*>fc, ft (Cu) ii*i"ta = y^ (N 
i) ©*#**»3 B**%fiiTfc«l*.6*l,-rv^Sfc*, 
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[0 0 4 1 ] ft&, =- y >TI\> (N i ) C0fiSit/j5 1 5 % 

fmttt>m-?<Dtt&m**% < ft o , < « 

5U -y-Jr^ (Ni) ©fiitt^s 3 5 %£jgx.5 t . 

CltS Lft ttfttfft 6 ft < ft 0 . *BK 6 5 bT|S 
auc<<tt&. 

[0 0 4 2] 3 ::0>;55tf3fctt, MjftftTTG* 

[0 0 4 3] ±EflWc<7>7V- h^^^roS 

it#ifc©S9fcW::o^-c, 0 2ft^L0 4£#J$LTfft 

[0 0 4 4] (ffifeMl) *r, *t>U*IH*«cd£ 
I^HSWfl' *5<ttfCu-N i 5 # 

ffiS*T3' SrffltL (B2 (-f) 0^) , 02 (n) H 

«ttlc|)tOj«»tT6 5»fflriOW(s3' fcSAU 02 

J: 5 3* K^ffittfeiWhSJAttltll 
LTefK/u-M:fc.}:U t 5 5£r3£#5„ HI 
2 (=•) K*-*-J:5te, fifl^u-M, i--fc5 5 

5. r©tfWffl4f 0 AO»fffi«3t(iS3(OTN-rii'5-C*) 
5o fflEipmft&AA*, 12 (*) (c^-fJ;5(c, * 

OT»jfiU:0«S<, 69#3WgL6U9 

1, 1 • • iai±«r#e*Sl a, 1 a • ■ Jcte^T*^* 

£©J:3lc«fc» Wfcodto/i'-M, l • • t* 
t = y^/v©^A*>e»ft5i5*f3, 3 • • ££M3-ai 
8Lt*5f mia&A a ^KSADfi^ 4 * v >r 

3 • • *W|iL-ce*^U-M, 1- 
■W±««&«la, 1 a • • 8 it £.!:■>■ 

fc = y 4rA^>-frA*» b ft £ 5 5 tt 3 \mm t LTJIfHr? 

M, 1 ■ 'tmt-y* 

A Sr^fiH- 5 w i-*5S i ft 5 o 
[0045] (§Si£0ij2) r 04 (>n ic^-r 

«#LTfc8*?sr KSS-B' *fflS-f5o »#?yK 



04 (D) \c^-f£o\c. »7'/FSttB' £fcf^ 

ffl*»»B* *«wtu 04 (/>) eisw-iSK:, me 

y W) B£#S„ ^co», 04 (=0 lc*W-«fc5fc, 

5 5tW#«R*V-h (?7«;Hf) B, b- -m 

iLTfMl£n n nAS:»Wr5, r <D^> mm.&& ACQ 

«B5«3ii±**« i nm&k mmm 3 c^i-a 5 vh 

So *KB*lliK&.tti&A«r, 04 (#) fc^H-j:3t, X 

aauiM)>4i*ifcA*i-c, em^u-n (*sitiif, 

1 , 1 • • H!l±Sr»g>» la, 1 a • • !C*JV>TS^-r 

So 

[0 0 4 6] rw«k5K1-5£, £f&7V-hffl«# 

1' t»ixy^©^b/j;555MMtt3' fc 

m) B, b- *MMLrftS>f>nftAAA«r»ffiai 
$F 4 fKfcV ^TWLT5 5 W 3 *®MLX&m? \" 
-hi, 1 • • H±(0«^«B5 la, 1 a • • m&i-Z 

z t ic«t 9 0 1 \z.m-?\"~ Y^rnvm^hM* 
%<>x, fflfcfv-vmmti' t6?wffls«-3' fc 
»«Jif^**^st4!j, «piwiascfliA©flJrii«B-e© 

[0 0 4 7] 

( 1 ) m&£<Dm% 

1 1 frttfflLTWfclMTofc. 

[0048] Rttife-ctt, itTiiEem^u- h 1 <om 

jmPrX-hZXT-VUXmi (SUS 3 1 6 L) ± 9 ft 
SmUfflf^ro^^ htr-^i 2t> ±136 5 WW--./ 
^/k (N i ) (73^** 1 3fi*%, 1 7fiS%, 2 0 
fift%, 2 3ti%, 3 0m&%k$i?Ltz1&Mmi!k<D5 
Wm<D7-X 3 a~l 3 ei. flgSHWI 

^fcsy^A'iiW (BNi) iCiSm^W^W^X h 
t-^ 1 3 f W^-ft 71000^^ 1 3 (HtfC 

*JE^3W^1 4rtl;->'-;vWl 5, 1 6 5r^LttS:fi 

u «.«tey-K«i 7, 1 8£»mj-r2,o suib 

EE^7^|§ 1 4 (4, fOrtttgm 1 4 a ^3fS»i«£EttlB 
i:ftoXV^-C > *©^«fcH3!)Pj»fflroltjRK-^i 9*s 
**StlTV^. tLT, «WEE^»*rtWffilW 1 4 a 
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(*ft : 6 3%, WL& : 18 Ot) /5S@T^*»A^tl-t 
fc-*l 9©»a»)-S (6P*>, 1 8 0t) 
[0 0 4 9] Sfc, MESAMi 4Ktt, ±T*[S)ic: 

jiw. %<nTs%mffln&mmmtv?-tJ>,fr®m2 0$ 

ummmmnmw Ats 2 2 a tints y ^ * .a*^$< 2 0 
&a)tAi-5«ji»f 2 3 *tRit t^-c^ g , mmmmm 
sffAias 2 2WKn, m/mtm (Ag/Agco <t 

!>ft***«*2 4;6MfAK«i*;h,-0^. &K?*«f 
2 4l:tt« 4W-Ki$2 5^LT«ttHff2 6 ±0 

[0 0 5 0] tUT, ^*W42 4*3j;OtfJ|Erx h 
214. *<0**flHi*Hi£L-ClI<-#» MiE^ 
* h 13 ( 1 3 a ~ 1 3 f ) (4, Lft# 

tsctto-cv^s. *br, fluey* h*-* i 3 a ~ 
i 3 f \t, ^nmiis#(rftriB*^yf-!>A7K^2 o 

timmxv-yuxffltt (SUS316L) t4 tUgj&L 

fcm«it©T^ h tr-* 1 2 torar-cDmteMfc it; 

«ttae?*ft«r, (±) , (0) 1 H*ftT?tt 

[0051] r*ife©ai*«ii**ftsfc, ±a»i5 
t, (Ni) isnmifiWAit 1 5~30%©t5 

©•ett, »^«ffi**JJ:tWlfl:jS©a!ftiJ«:<, ft*© 
=y**63tt (BNi) ttefStftSKftAKiSSg^s 
/hS<48 (BP*>, a»fttt^«i<»5:S) i 
[0 0 5 2] -y-{r;U (N i ) ©^Wit^3 

(Ni) i#©#tt£±f21t&gS'J£y-*©«ft;0>e> 

a-c, (Ni) £w*wJt*tj:"?«ffi»)HH 
its < ft * r 1 14 m$ «s k^ssj $ *i, m 7L \mw -t « 

8(Sn), vy#> (Mn) fc£©Jft#«fc»£*T 
[0 0 5 3] (2) «£f*ifc 

r©ffiAW'Ci4, X<r>U*mtf (SUS 3 1 6 L) 
fcffi55*f (BCu) SW=y^55tt (BNi) 
-Ni^5 5«- (NiMt: 2 011%) W3i« 

[0 0 5 4] rtt(-45t, =7y;^W2 0ii 
%cocu-n i£4s6 5tt©*»£, «*©iisffift-y^ 

(BNi) <om-^t±<mmc^mo. o 



[0055] rroit^, ***<0»ilK48^-C*ffl 
**trv^cu-Ni^*%5*t©iMfettoili***Wfe 

[0 0 5 6] *Lt\ =y^/W^W2 0ll%ro 

^T-fiv * 1 5 a*%* -c©«5ffi t +^ twa-cfc § - 1 

tt#* < ft 5 r k <bfrth S„ 

[0 0 5 7] 5 fc, ***©«*lCj3^Tttffl 

[0 0 5 8] ftoT. f&fc^Lftftft^fcffiM&ftg 

■c*a±5cft*. 

[0059] ttz, «»:/w-h0>atfH»lc#vvTt>, 
[ooeo] *smio«tifc*iv^r4WI*iifc 

Cu-Ni^55*ftt, (BN 
i) KJt^T, (Ni) ©*£tl3'>ft 

<-f 5 C 5 5#»3*htr-t-£lc3l*Ttf# 

[0061] ft*j, ±BmMmm\zwx&%ztix 

0>J;ti4?DA (Cr) ^ (Fe) «r^*jfe» 

Lfc^ttlSRAS^ £ fts j; 5 (r ft 9 , § g, 
fc=y<r/u (Ni) iroS^WMiaot, ^fltflg 

[0 0 6 2] *fc, ±BSfiW)»»ciav^t«fflS*vT 
v^Cu-Ni ^6 5«K«iPi-6ilM«T3c*t L 
T(4 > tojLt&rjm (Si) , (B) , y>- 

(P) ft^!^#^T, '>*W^* (S i) igf^fiW 
® (Sn) fcS^tt-^tfy (Mn) tt*flit5:t 

[0 0 6 3] ±ianffiw^(c*3v>r(4, 

[0 0 6 4] 

I^B^roa^] m^JSlo^B^lcirLii^ SSroxry 
uxfmtl, 1 • 3, 3- • fciOft&UT 

ft?.^7 i >^^i!i««ic^^^r, ftltBS^3tLT, 



[0 0 6 5] L*»t, £ff&4l (Cu) t<0^55*f 
SHfcfflUt^Serc, (N i ) W^#^Srffi< 

[0 0 8 6] »#*2©WJil::*5tta.fc5fc. 
fc^-g-, « (Cu) fc = y*7U (Ni) <D&4z?>ott3 

-M, l • ■*aWLT«rt3ft*:/u-b5SaRSE* 
[0 0 6 7] »*il3<o*W^*jitaJ;5fc, n*ai 
T, ftJf23 5 «■ 3 icftl! 5fliK*J~r 5 = y ^/vrojfitt 

£ 1 5 ~ 3 5 % t Lfc4§-g\ S*Jfc£ 15~3 5%»§ 
|T*©=iy4r^ (Ni) ©#fiKJ: 9 X7 1 V WXflft 1 

iC s « (Cu) fcafj-fi^yfr/i' (Ni) «S*r*#«i 

[0 0 6 8] 4*5, -y-Jr/W (Ni) (DMtJtdS 1 5 % 

8W£ < 4 9 , 

<45U ~S"Jr/W (Ni) CQfijftfcfc#3 5%£S;t3 

fc, m<ft£ttli£^£i:4v^ =xh*s.h#-t-5t 
fcfcfc, lUM*K<fc*fc*, B^ftTTcJKwSSiili** 
* !S It** L* ttiiftf 4 6 * < 4 5 . *»lc * 5 *f i: L 
-CfttsftUKK <4S. 

[0 0 6 9] »**4ro»iHK::j3tt5J:5fc, »#*3 

[0 0 7 0] »*^5<0»^{C«ttL«, ^iCWXr^k 
xlWfl, l • • t^t-2/^/KD^^ib^5 6 5W 
3, 3 • • i^ilLrtWMA^MU » 

«i^D^LrMia^r>^a#i, i • -iai±oSf^ 
ffiia, l a • • &W&-t-%zb\c£t>x?yi'x9m 

£*SW;:*5 ft £ 5 5 ttttffi^ WCfe -5 * 9 1 J" 

W l b h 5 W 3 b ©IWt?o«tt2aJ/h* < , tt&«Alc 

+#ff *M S ft «tt*5 J; UWM* Ktfilfc ^ V 
i^x«««^#e>ixS b^o 



[0 0 7 1 ] L*»t, £ff4M (Cu) bn&AZW 
3*4tfflU-CV^5C-e, -y^/W (Ni) ©frfr^tte 

fci* 9. lifts* hrol£*fc*4-*-$i^ 

[0 0 7 2] £ fjlC, ffit = y{r/W-§-^?>455 5 

1 t«fc = y-{r/KD^!i»fo4a5 5«-3 t«r*#a 
1 L T * IDfilc ft A £ ^bX-T 6 » ldW fc fc 6 i: ^ 5 » 

[0 0 7 3] S»*3S6ro3ISW»-J;^tf, xy-^u^mtt 
1 i«at-y^/WD£&a>ib4?>?>58-3 fcfr***£- 
LTfcSlMfc©*?* KWB, B • • «rfllHLT"fK» 

&ftA£flMu K*iwa&ftA*S£JMlMF4'Pfc*5 
vvrHWBxfVU^IPBn ©jB,6J-t}<£<, fJlH6 5W 

3 ©fits * o nv^ueicAiMi LTfifE^T v u*sw 

1 , 1 • • |5]±CD&-g-g|$ la, 1 a • • $:«£-t3 - t 

MX'bZx : r>uxm#i b*>ott3b<n\B\-?<»nfrg. 
< , ^«&ic#-rM*&ttd 5 rS]±1-3 r t i 4 

w^ttfc« nfc ^ ^ v v wmtm b ft 5 b v * 5 

[0 0 7 4] L^i, ^fy^gi|tit55M3t© 
[0 0 7 5]Sfc, K«4« (Cu) t©^45 5«-3 

*ttfflL•r^^5ro•c. (Ni) 

[0 0 7 6] Sf>K, »t-s'^/i'ff5^t*»646 5 3 
*f3tt*«fcLr«iftt?#6fc», 
«fc-y^ro-g-4*>64S4 5»3«r ; T l »jK#L-C^ 
7? WBt#S»l!:«it*Stv^5a*t*)6. 

[0 0 7 7] »** 7 ojMlfcisttS W*«5 

#»%t:mf$.-tzfcm-?i'-hbLit®&, * (cu) 

t-j/^/w (Ni) »G4t6 5«-3tt, ^Wi:LTffi« 
T?t6ti«>b.*ftrofi»^i^-M, 1 • ■ t« 

[o o 7 8] !*#«8ro3M3fc*itt'5 i5t, 

0«a*»K*JV^T, irSa5 5«-3|d*3(t5»-#'t-5 
= 3"^/KD«*JtS:l 5~3 5%tLfc«*, SftitSr 
15~3 5%ro^*»=y^ (Ni) <D#ft|dJ; 9 



jJUSri^-ctStitK:, A (cu) \c»T6=-y 
>T)\> (Ni) ©^WW»Jt6tiTV>*fc», a^bW 

[0 0 7 9] =-y>T)V (N i ) ©S4it^ 1 5% 

t**t<46U = (Ni) cofi*it^3 5% 

mmrnm % *itf4 e> * < 4 o , mat 6 

5Wt UC«HLte<<fc6. 

[0 0 8 0] »**9©38WK*5W« ±5t. W#«8 

[Ell] »HJ0ftMwMK**>8*?'yi'XM 
[S3] 

rtSflUijcAoilrSBg-PibS. 

[04] 



[0 5] *«»wo**o»*|id>*>5^f l y^^«« 
[06] *KHW<7>^lS<o^1ilc:^5^7 1 vi^^am 

[0 7] *K3BW©3U6ojB*fc*^S^7 l yu^«« 
[08] *«B8W©Sll(5ro»lifc!J»*»5^f l >'U^«» 
[0 9] *BH!Oll*©»«l:«'i>5^?yMi8 

[0io] ^^^wHJfico^ffi^^^^^^v-u-x^ 
ltt^ywltt (W^H . l a li^SR, 

7 5/ W. 



[01] 



[03] 



[05] 



IM2] 
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[H7] 



SUS316L 


M 




13*=?** 


17XZ5M. 


20 % -rtf. 


23 % -rtk 


30 % -tfh 


-583 


- 762 


-387 


-700 


- 805 


- 607 


-606 


-507 


-538 


-658 


-538 


- 800 


- 571 


-574 


-568 


-536 


-526 


-634 


-530 


- 805 


- 557 


- 555 


-550 


-522 


-510 


-591 


-511 


- 582 


-521 


-517 


-515 


-502 


-515 


-593 


-515 


- 580 


- 521 


-520 


-516 


- 505 


-510 


-583 


-509 


-572 


-512 


-510 


-508 


-500 


-515 


-584 


-513 


-571 


-515 


-513 


-510 


-505 


-508 


-675 


-507 


- 599 


-508 


-506 


-502 


-499 


-509 


-570 


- 511 


- 589 


-504 


- 503 


- 8 00 


-501 


-512 


-570 


-514 


-568 


-509 


-505 


-502 


-505 


-510 


-568 


-512 


-684 


-508 


-504 


-500 


-502 


-508 


-569 


- 511 


-587 


-503 


- 502 


-498 


-500 


-506 


-563 


-509 


-561 


-500 


-499 


-496 


-497 


-508 


-582 


-511 


-581 


-501 


-498 


-496 


-500 


-503 


-587 


-506 


-552 


-500 


-494 


-491 


-498 


-497 


-550 


-500 


-549 


-495 


-487 


-484 


-488 


-498 


-551 


-501 


-547 


-488 


-488 


-48S 


-490 


-507 


-555 


-509 


-550 


-494 


-496 


-494 


-502 


-512 


-557 


-513 


-555 


-501 


-502 


-500 


-507 


-508 


-552 


- 506 


-550 


-497 


-494 


-481 


-498 


-501 


-548 


-501 


-545 


-491 


-490 


-489 


-495 
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[138] 



SUS31 eufttt) £#«*>3ttW<B*ifc* ( 5 3 *f «tt-sus*tt) 




JUH&ML 




I3%r 7 ^ 


1796=9** 








1.04 


-179 


196 


-117 


-22 


-24 


-2? 




2 


-119 


1 


-61 


-32, 


-95 


-29 


9 


3 


-108 


-4 


-79 


-31 


-29 


-24 


4 


6 


-81 


-1 


-72 


-11 


-7 


-5 


8 


7 


-78 


0 


-65 


-6 


-5 


-1 


10 


8 


-73 


1 


-62 


-2 


0 


2 


10 


9 


-69 


2 


-56 


0 


2 


5 


r 10 


10 


-67 


1 


-61 


0 


2 


6 


9 


13 


-61 


"2 


-60 


5 


6 


9 


8 


14 


-58 


-2 


-56 


3 


7 


10 


7 


15 


-58 


-2 


-54 


2 


6 


10 


8 


16 


-61 


-3 


-59 


5 


6 


10 


8 


17 


-57 


-3 


-65 


6 


7 


10 


9 


20 


-54 


-3 


-53 


7 


9 


12 


8 


21 


-54 


-3 


-49 


3 


9 


12 


7 


22 


-53 


-3 


-52 


2 


10 


13 


9 


26 


-53 


-3 


-49 


9 


10 


13 


8 


27 


-48 


-2 


-43 


13 


11 


13 


5 


28 


-46 


-1 


-43 


11 


10 


12 


5 


29 


-46 


0 


-44 


9 


12 


15 


8 


30 


-47 


0 


-44 


10 


11 


12 
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